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Both terms are somewhat awkward, since 
what is actually measured în cach case is 
the reverse: imprecision and inaccuracy. 

M.E Goodchild 


What is the geographical position of the hydrant in 
the image? 
(credits Prof. Don Boyes, Univ. of Toronto) 


The red dot in the background image shows where 
the hydrant is located in the park. 


More precisely we want the position of the center 
of the hydrant. A point that with the manufacturing 
tolerances has un uncertainty less than 1 mm, as 
shown in the image below, 


Prof. Boyes went there and measured the position 
with his cellphone, putting it right on the top of the 
hydrant. 


The reading is 43°39.6773' N 79°23/7555' W, which 
in UTM coordinates (zone 177) is 629329m E 


4835500m N. These values have a precision of 1 m. The app reports also an accuracy of 17 m. 
‘What do these mean ? 


Precision 


We say that the reading has a precision of 1 m because the least digit of the measured values 
corresponds to meters. If the east value would have been 629329.4m E the precision would have been 
0.1m (one decimeter). 


This means that if we repeat many times the measurement, we get values between 629328.5 and 
629329,5 with a high probability (usually 95% or 99%). That is we may get 629329.2, 6293287, 
629329.1, ... The first digit after the point varies, while the readings rounded to the nearest integer are 
629329 (with high probability). 


In practice this means that the measured value has an uncertainty of the red square of side 1 m in the 
image below.. A square because both East and North coordinates have a precision of 1 m. 

It makes no sense to report the result value of a measurement with digits beyond its precision because 
they are "random" values that arise from the uncertainty of the measuring process. 


Accuracy 


Why is the square not centered over the hydrant ? Because of the accuracy. 

Accuracy is the difference between the real geographical position of the hydrant, and the measured 
position. It means that with high probability (as usual 95% or 99%) the real position of the hydrant falls 
ina circle of radius 17 m centered at the measured position. 


Note. This does not mean that the hydrant is inside the accuracy circle, rather that the probability that it 
is not inside the circle is very small. 


2100 


Precision and accuracy of the DistoX 


What does it means that a DistoX calibration has a precision of 0.2° ? 

It means that if we repeatedly measure a direction rotating the device about the laser axis we get values 
in an interval [-0.2°, +0.2°] around a mean value. The image below shows the difference from the 
mean for many readings at different roll angles. The axes units are degrees. (credits B. Holl). 


The DistoX has a precision of 0.2° if this behaviour occurs for measurements in all directions. 

The accuracy on a leg measurement does not depend only on the DistoX precision, but also on the 
measure process: that is, how carefully the instrument was placed on the station, and how carefully it 
was aimed to the target, Also how precisely are defined (ie, materialized) the stations. With stations 
marked with paint dots of 1 cm, an error of the DistoX placement on the FROM station of 3 cm, an 
error of pointing on the target (at a distance of 10 m) of 5 cm, we can estimate a shooting error of 6 em 
(from the composition of standard deviations of independent variables), ie, a standard deviation about 
0.35°, or 0.7° (at two standard deviations - 95% confidence). To this we must add the precision of the 
instrument, because it is due to the calibration (which is an approximate correction), but the shooting 


uncertaînty îs much bigger and the precision has almost no effect on the accuracy. In conclusion the 
accuracy of a single shot is 0.8° (at 95% confidence). 


Legs are measured with at least 3 shots. The accuracy of the leg is reduced by v3, at least. Therefore 
the accuracy of the DistoX is 0.5° (at 95% confidence) if the device has been calibrated to a 0.2° 
precision and the measurement process is as careful as described above. 


Questions 


In order to answer the first two questions you should know a little how GPS works. A GPS system has 
a number of satellites on geo-stationary orbits. Each satellite carries a precise atomic clock and 
continuously broadcasts a radio signal with its position and time. The radio signals of the GPS satellites 
g0 through the atmosphere and reach the ground. A ground receiver gets the signals from more 
satellites and comparing the times and positions contained in the signals, computes its position on the 
Earth. (There is much more of GPS and you can read about it on internet). 


(1) What could be the reason for the precision of 1 m of the GPS app in the cellphone of Prof. Boyes ? 
(2) What could be the reason for the accuracy of 17 m of the GPS app ? 


(8) If Prof. Boyes would have come back to the hydrant a week later and repeated the measurement of 
the position to the same accuracy of 17 m, where would the (center of the) red square have been ? 


